Twinning in Arakcheeva et al. (21) and Jaffe et al. (20)
To test for possible twinning as cause for the supposedly observed breaking of the c-glide plane, a twin-law according to pseudo-merohedral pseudo-cubic axial twinning using the command: TWIN 0.5 0.5 -0.5 0.5 0.5 0.5 1 -1 0
According to a 90° rotation around the <110> direction in the tetragonal unit cell. .95 %, Sigma-Aldrich) were used as supplied. Both, crystals grown with diethyl ether and ethyl acetate as antisolvent were tested, but those grown using ethyl acetate generally exhibited better crystal quality and the study was conducted on a crystal of this series. It should be noted that we did not find a single crystal which did not show any signs of twinning and finally selected one that appeared least twinned for the subsequent detailed analysis. Crystals were prepared in an Ar-filled glovebox and covered in oil during the measurement to avoid sample decomposition due to moisture. It should be emphasized that crystals with approx. edge lengths of 20 µm were used for these experiments to avoid further complications with heavy twinning and strong absorption.
SHELXL list file output for the untwinned model in
Single-crystal X-ray diffraction was conducted at the I19 beamline at the Diamond Light Source synchrotron. Using the double crystal monochromator of the beamline, the X-ray energy was adjusted between 12.97 keV and 15.3 keV, i.e. in proximity of the L-III and L-II absorption edges of lead. This was chosen as the initial approach of this experiment was to test, whether a breaking of Friedel's law as direct proof for the lack of inversion symmetry could be observed. It should be emphasized that we did not observe any significant breaking of Friedel's law, which is most probably due to the domain nature of the crystals. In fact, we refined the final model as inversion twin yielding in a twin fraction of 48 %. In order to observe Friedel pairs, one would probably need to align the domains, for instance through crystallization in an electric field. We are currently testing such possibilities. Given no direct observation of Friedel pairs could be achieved, further analysis was performed on the highest measured energy: 15.3 keV (λ = 0.81036 Å).
Reflections were measured using a Pilatus 2M detector. Data integration and Lorentz factor correction (using SAINT V8.38A) and absorption correction (using SADABS-2016/2) were performed using the Bruker APEX3 suite (33), for which the Pilatus CBF format was converted to SFRM using a custom built program by Natalie Johnson and Mike Probert (34). The authors are thankful for their kind help with this. The latter was done using a semi-empirical multiscan absorption correction as the crystal form could not be reliably determined given the size and the covering in oil. Refinements were performed using SHELXL2013 (35).
The C-N distance of the CH 3 NH 3 + cation was fixed to 1.47 Å as common for the molecular cation (19). The split iodine sites in the split-site model were constrained to have equal displacement parameters. This refinement was further damped at the later stages since the molecular cation is heavily disordered. It should be noted that the assignment of carbon and nitrogen in the model is arbitrary, since the small difference in electron density between carbon and nitrogen makes them literally indistinguishable, particularly in connection with iodine and lead. Pb-I1 3.154 (5) N-C vi 0.81 (7) Pb-I1 i 3.157 (5) N-N vii 0.74 (14) Pb-I2 ii 3.1600 (4) N-C 1.47 (3) Pb-I2 iii 3.1600 (4) N-N viii 1.65 (12) Pb-I2 iv 3.1600 (4) C-C vi 0.92 (10) Pb-I2 v 3.1600 (4) I1-Pb-I1 i 180.0 C vi -N-N vii 63 (5) I1-Pb-I2 ii 89.87 (16) C vi -N-C 34 (6) I1 i -Pb-I2 ii 90.13 (16) N vii -N-C 75 (3) I1-Pb-I2 iii 89.87 (16) C vi -N-N viii 63 (7) I1 i -Pb-I2 iii 90.13 (16) N vii -N-N viii 90.002 (11) I2 ii -Pb-I2 iii 179.7 (3) C-N-N viii 29 (3) I1-Pb-I2 iv 89.87 (16) C vi -C-N vi 117 (7) I1 i -Pb-I2 iv 90.13 (16) C vi -C-N viii 117 (7) I2 ii -Pb-I2 iv 90.000 (1) N vi -C-N viii 55 (10) I2 iii -Pb-I2 iv 90.000 (1) C vi -C-N 29 ( 
Refinement without split site model

Split site model refinement
Refined as a 2-component inversion twin with a twin fraction of (7) 0.000 0.000 0.000 I2 0.0570 (7) 0.0570 (7) 0.051 (2) 0.0348 (8) 0.010 (2) 0.010 (2) I21 0.0570 (7) 0.0570 (7) 0.051 (2) 0.0348 (8) 0.010 (2) 0.010 (2) I22 0.0570 (7) 0.0570 (7) 0.051 (2) 0.0348 (8) 0.010 (2) 0.010 (2) Table S12: Geometric parameters (Å, º) 
